Heat Transport Study by Heat Pulse Propagation of Modulated ECH in LHD Plasmas with ITB by T. Shimozuma et al.
§ 4. Heat Transport Study by Heat Pulse
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Yoshimura, Y., Notake, T.
An internal transport barrier of electron heat trans-
port (eITB) has been observed in NBI sustained LHD
plasmas with strongly focused on-axis EC heating. High
electron temperature gradient « 55keV1m) was real-
ized around normalized minor radius p rv 0.3. The
improvement of the heat transport within the barrier
was confirmed by the steady-state power balance anal-
yses [1]. Additional injection of modulated ECH power
and resulting propagation of the heat wave are powerful
manner to investigate electron heat transport .
In LHD, the ECH system has two ranges of oscil-
lation frequency such as 84 GHz range and 168 GHz.
In the experiments, the 84 GHz power was used for
main EC heating toward high electron temperature plas-
mas. On the other hand, the modulated 168 GHz
power worked as a probing beam' power for produc-
ing heat waves. Centrally focused 84 GHz power
(PECN < 0.9 MW and pulse width 0.6 sec) was in-
jected from low field side into an NBI-sustained plasma
with ne = 0.5 x 1019 m- 3to achieve a high temperature
state of Teo rv 5 keY. A 168 GHz pulse with 20 Hz,
square waveform (averaged power PMECH = 0.15 MW
and 0.4 sec) was superposed during the main heating
pulse. Electron temperature evolution was measured by
a 22-channel ECE radiometer system.
A correlation between the modulated ECH signal
and the variation of ECE signal at each radial position
is described in the following form,
Corr(SMECH, SECE(p))(t) =I: SMECH(T + t)SECE(p, T)dT
, where SM ECH is the signal of MECH power and
SECE (p) is the measured ECE signal at p. The correla-
tion was calculated by the FFT method. Figure 1 shows
a delay time which gives the maximum correlation calcu-
lated by above equation for the case of MECH focused
on p < 0.15. The target plasmas were an NBI refer-
ence plasma, plasmas heated by the base 84 GHz ECH
power of both 380 kW and 870 kW. In the case of the
high power ECH (870 kW), the heat pulse propagates
slower than the other cases, which means lower heat dif-
fusivity inside p 0.33. Outside this position the heat
8
transport become worse, which implies an existence of
a barrier of heat transport around here. In the NBI ref-
erence plasma and low power ECH cases, such ITB was
not observed as shown in Fig. 1 . The heat diffusivity in
the core of the ITB plasma is improved by about factor
5, compared with the NBI reference plasma.
Figure 2 shows the on- and off-axis modulation
results for a high power ECH injected plasma (base
PECH = 870 kW). The profiles of the b..Te(p) reflect the
deposition location of MECH (Pdep = 0.15 and 0.35).
The time lags also reflect the MECH deposition posi-
tions, but the existence of ITB is not clear in the off-axis
MECH case. This is because the deposition of MECH
is very close to the ITB position.
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Fig. 1: Maximum time lag of heat pulse and MECH
for three kinds of target plasmas, NBI reference, low
ECH(380 kW) and high ECH(870 kW) plasmas.
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Fig. 2: Temperature increase by on- and off-axis MECH.
The maximum time lag is also shown.
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